The Physiological and Operative Severity Score for enUmeration of Mortality and morbidity (POSSUM), which consists of a physiological score (PS) and an operative severity score, is useful in determining the risk profile for patients with abdominal aortic aneurysms in Western countries, but no information is available on the use of this method in Japan.
lective abdominal aortic aneurysm (AAA) surgery is still accompanied by many risks that result in considerable postoperative mortality and morbidity. The mortality rate varies from 2% to 5%. 1-3 According to recent statistics from the Japanese Society for Vascular Surgery, approximately 5 ,100 elective open AAA repairs are performed annually and the mortality rate is 2.8% in Japan.
There have been numerous studies reporting risk factors for postoperative mortality and morbidity, 4 and a number of scoring systems exist for the comparison of the case-mix. Among these scoring systems, the Physiological and Operative Severity Score for enUmeration of Mortality and morbidity (POSSUM) 5 is one of the most common methodologies and is a simple scoring system previously validated for patients undergoing general surgical treatment, which enables us to estimate the risk of complications and death after operation. This score has been used with patients undergoing general and vascular surgery in Western countries. [5] [6] [7] Furthermore, a number of cases of digestive surgery using this score have been reported in Japan. 8, 9 No information, however, about the relationship between this score and AAA repair is available in Japan.
The aim of present study was to identify preoperative and intraoperative factors including POSSUM score that may be predictive of morbidity and in-hospital mortality after elective open AAA repair in a single institution in Japan.
Methods

Study Design
This clinical investigation was done to compare the preoperative and intraoperative medical risk factors with outcomes of elective open repair for infra/juxtarenal AAA at Nagoya University Graduate School of Medicine. Approval for this project was obtained from the institutional review board for research on human subjects. A retrospective assessment of the preoperative and intraoperative medical risk factors and outcomes was performed for each patient and statistically analyzed to determine prognostic factors about morbidity and in-hospital mortality.
551
Usefulness of POSSUM for AAA Repair in Japan POSSUM and Other Variables POSSUM score involves 12 preoperative physiological variables (physiological score (PS)) and 6 operative variables (operative severity score (OS); Table 1 ). 5 As for the PS, 1, 2, 4, or 8 points and a mark are assigned according to age, cardiac signs, respiratory history, blood systolic pressure, pulse, Glasgow coma scale, hemoglobin, white cell count, urea, sodium, potassium and electrocardiogram. This is done within a few days preceding the operation. The PS is equal to the sum total of these points. In contrast, the OS represents operative severity, multiple procedures, total blood loss, peritoneal soiling, presence of malignancy, and the mode of surgery. One, 2, 4, or 8 points and a mark are assigned according to each variable in the same way as the PS. As for aortic operations, the OS is 8 points. Finally, the combined preoperative physiological and operative scores are subjected to logistic regression analysis to generate a risk equation that changes the scores into a predicted mortality and morbidity rate.
The equation for POSSUM is ln(R / 1 -R) = -5.91 + (0.16 × PS) + (0.19 × OS), where R is the predicted morbidity risk and ln(R'/ 1-R') = -7.04 + (0.13 × PS) + (0.16 × OS), where R' is the predicted mortality rate. 5 In addition to the variables including POSSUM, several other preoperative and intraoperative variables that might also predict prognosis after elective AAA repair were included. The preoperative factors included gender, medical history, the location and diameter of aneurysm, the baseline hemoglobin, the baseline albumin and the ejection fraction on echocardiography. The intraoperative variables included operative time and estimated blood loss.
Patients
Patients who had undergone open repair of an AAA between July 2001 and June 2007 (n=249) were identified through the institutional vascular surgery patient registry. Patients who had undergone repair of suprarenal (n=5), ruptured (n=4), symptomatic (n=2) aortic aneurysm and patients who had undergone endovascular aneurysm repair (EVAR, n=13) were excluded from further consideration. Only the patients who had undergone elective infrarenal (n=211) or juxtarenal AAA (n=14) repair were considered for the present study. These remaining patients were stratified into 2 groups according to postoperative course. Group C patients (n=58) had complicated postoperative courses, and group N patients (n=167) did not have complications with regard to independent risk factors for morbidity. Moreover, they were also stratified into 2 groups, the alive group (Group A, n=220) and the deceased group (Group D, n=5) for in-hospital mortality.
Clinical Endpoints
The endpoint of the present study was in-hospital morbidity and in-hospital mortality. The definition of postoperative complications was based on previous reports, 5,10 with the exception that ischemic colitis (n=8), acute limb ischemia (n=3) and graft infections (n=1) were added as specific complications. They required another intervention or prolonged admission. We extracted data that included demographics, preoperative medical history, laboratory tests, physiologic function tests and intraoperative factors from the hospital record. Among the preoperative laboratory tests, renal dysfunction has proved to be one of the risk factors related to postoperative outcome of AAA repair. 11-13 Thereafter we assigned a creatinine level (a continuous variable) to the category data. For the purposes of the present study hypertension was defined as having existed in the patients who had undergone anti-hypertensive therapy. Diabetes mellitus was defined as having existed in the patients who had taken hypoglycemic drugs or had self-injected insulin. Ischemic heart disease was defined as having existed in patients who had a history or presence of typical angina pectoris, a history of myocardial infarction that required hospital admission, or electrocardiographic evidence of previous myocardial infarction. Cerebrovascular disease was defined as having existed in patients Data are expressed as n or mean ± SD. COPD, chronic obstructive pulmonary disease; AAA, abdominal aortic aneurysm.
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with a history or presence of stroke. Renal dysfunction was defined as having existed in patients with preoperative blood urea nitrogen >20 mmol/L and/or serum creatinine concentration >150 μmol/L. Aneurysm size was determined from computed tomography.
Statistical Analysis
All statistical analyses were performed with SPSSII (SPSS, Chicago, IL, USA). Continuous data are given as mean ± SD. Student's t-test was used for univariate analysis of continuous data. Furthermore, the chi-square test and Fisher's exact test were used for univariate analysis of categorical data. P<0.05 was used as the level of significance in all analysis. After univariate analysis, only the significant variables were included in the logistic regression model to determine independent predictors of the development of morbidity and in-hospital mortality. The variables that comprise PS, however, were excluded from multivariate analysis. Receiver operating characteristic (ROC) curve analysis was then used to evaluate the adequacy of the PS in POSSUM in predicting postoperative complications and in-hospital death and to identify the best cut-off values. The area under the ROC curve is equivalent to C-index. A value between 0.7 and 0.8 represents reasonable discrimination and if the value exceeds 0.8 it is considered good discrimination. 14 Multiple complications are counted separately. DVT, deep venous thrombosis; HD, hemodialysis. Data are expressed as n or mean ± SD. COPD, chronic obstructive pulmonary disease; AAA, abdominal aortic aneurysm. Group A, alive; group C, complicated postoperative course; group D, deceased; group N, no complications with regard to independent risk factors for morbidity. Usefulness of POSSUM for AAA Repair in Japan
Results
Patient Characteristics
The patient demographic characteristics are given in Table 2 . The proportion of male patients was 85.3%. The mean age was 72±7 years. Sixty-nine patients (30.7%) had ischemic heart disease. The mean POSSUM PS was 19±5 and the mean OS was 19±2.
Morbidity
Fifty-eight patients (25.8%) experienced postoperative complications during hospitalization. The types of complications are listed in Table 3 (multiple complications are counted separately). Pneumonia occurred in 10 cases. One patient received total graft excision and extra-anatomic reconstruction due to prosthetic graft infection. Acute myocardial infarction occurred in 3 cases and stroke occurred in 2 cases including 1 transient ischemic attack. There were 5 cases of postoperative hemodialysis induction, but the renal function of 3 patients recovered and they were taken off hemodialysis after several days. The remaining cases resulted in death during hospitalization. Ischemic colitis was present in 8 cases and 3 patients had to undergo ischemic bowel resection.
After univariate analysis 5 significant preoperative factors and 2 significant perioperative factors for morbidity were identified. These risk factors were age, renal dysfunction, hemoglobin level, albumin level, PS in POSSUM, operative time and estimated blood loss (Table 4) .
Thereafter, we performed logistic regression analysis on the preoperative and perioperative factors that were significantly different on univariate analysis. Age, renal dysfunction and hemoglobin level, however, were the factors included in PS so we excluded these factors from multivariate analysis. On multivariate analysis significantly different PS were noted. The odds ratio of PS was 1.376 ( Table 5) .
Analysis of the ROC curve showed that the PS had an area under the curve of 0.712 (95% confidence interval [CI]: 0.639-0.784; SEM, 0.037; P<0.001) for the prediction of the postoperative morbidity. According to the ROC curve, the best cut-off point for the PS was 18 (sensitivity, 69%; specificity, 58%; Figure) . Further characteristics of this test are given in Table 6 .
In-Hospital Mortality
Five patients (2.2%) died in hospital after surgery. The details are listed in Table 7 .
Univariate analysis showed that renal dysfunction, albu- Figure. (a) According to the receiver operating characteristic curve, the best cut-off point for the physiological score for (a) morbidity is 18, and that for (b) in-hospital mortality is 22. 
KODAMA A et al.
min levels and PS were associated with an increased risk of postoperative death ( Table 4) . After multivariate analysis, PS in POSSUM proved to be the only independent predictor of postoperative death ( Table 5) . Analysis of the ROC curve showed that PS had an area under the curve of 0.921 (95%CI: 0.848-0.995; SEM, 0.037; P<0.001) for the prediction of the postoperative in-hospital mortality. According to this curve, the best cut-off point for the PS was 22 (sensitivity, 100%; specificity, 75%; Figure) . The characteristics of the test and the 95%CIs are given in Table 6 .
Discussion
Patients suffering from AAA are usually considered to be high-risk candidates for operative intervention due to comorbid conditions. The mortality rate of elective open AAA repair remains at 0.6-5%. 1-3, 15 Huber et al reported that the overall complication rate was 32.4% after open, intact AAA repair. 16 In-hospital mortality (2.2%) and postoperative morbidity (25.8%) in the present study are in agreement with previously published results.
Patients with AAA often have associated coronary artery disease (CAD). 17 Preoperative coexistent CAD and cardiac symptoms have been identified as predictors of short-term survival of patients undergoing AAA repair. 18 We asked all the patients who underwent AAA repair about their medical history and we performed electrocardiography. The patients then underwent adenosine stress thallium scintigraphy or coronary angiography (CAG). CAG was performed for those with positive findings on scintigraphy or if they were considered not suitable for scintigraphy (eg, those with associated bronchial asthma). We consulted with the hospital cardiology service to assess the results. If a significant stenosis was considered to be present, revascularization of the coronary artery was performed prior to AAA repair. In the present study 2 patients might have died from cardiac events ( Table 7) . A 77-year-old man whose medical comorbidities were hypertension, myocardial infarction, and chronic obstructive pulmonary disease suddenly fell into cardiopulmonary arrest 2 days after surgery. Autopsy was not performed and the true cause of death was unknown. On the death certificate, however, myocardial infarction was given as the cause of death. Preoperative coronary angiogram showed no significant stenosis (segment 6, 50%; segment 7, 25%; segments 2-3, 25%) and the cardiologist did not consider that coronary revascularization was required. The other patient was a 76-year-old man. His medical history consisted of stroke and angina. Pharmacological stress scintigraphy indicated hypoperfusion in the inferior wall. CAG was then performed. Coronary angiogram indicated significant stenosis in 3 vessels (segment 1, 100% chronic total occlusion; segments 6-7, 75%; segment 14, 90%) and he underwent coronary artery bypass grafting prior to the AAA repair. After the AAA repair was performed he was put on a respirator due to severe pneumonia. This patient died of heart failure caused by asymptomatic myocardial infarction 114 days after surgery.
Ischemic colitis is one of the specific and life-threatening complications of open AAA repair. Eight patients (3.6%) in the present study suffered from ischemic colitis and 3 patients (1.3%) had to undergo ischemic bowel resection. The clinical incidence of ischemic colitis is between 0.2% and 10%. 19 The present incidence rate is in agreement with previously published results. It was necessary to intervene earlier because this condition is associated with fatal outcomes. Senekowitsch et al reported in a prospective study that replanting the inferior mesenteric artery (IMA) did not confer a statistically significant reduction of perioperative morbidity or mortality. 20 We judged, however, that at least one of the IMA and the bilateral hypogastric arteries needed to be patent or reconstructed to avoid the occurrence of ischemic colitis. When possible, 2 hypogastric or IMAs were preserved or replanted. For example, when the IMA was patent and both hypogastric arteries were occluded or sacrificed, we replanted the IMA and when possible one of the hypogastric arteries. When the IMA was occluded and both hypogastric arteries were sacrificed, we replanted at least one of the hypogastric arteries. In the recent series we examined Doppler flow of the marginal artery of the sigmoid colon prior to the closure of the abdomen.
There have been many attempts to examine the prognostic factors and to devise scoring systems that are simple enough to be clinically relevant to accurately predict patient outcome. One of the most popular systems for surgical patients has been the POSSUM scoring system. This is an effective audit tool for surgical patients in general, 21 but it has been found to give an overestimation of expected mortality rate. 22 As such, validated POSSUM-based models are now being used to assess outcomes in vascular surgery 23 and colorectal surgery. 24 In Western countries many reports on the usefulness of POSSUM or modified POSSUM score to predict outcome in elective open abdominal aortic aneurysm repair are available. To our knowledge, the present study is the first report from an Asian country concerning the detection of prognostic factors for morbidity and mortality after elective open repair of infrarenal and juxtarenal AAA including POSSUM score.
In the present study we reviewed preoperative and intraoperative factors and tried to examine whether other risk factors that are not defined in POSSUM have predictive value for postoperative morbidity and in-hospital mortality. We did not identify any other risk factors, however, and PS was the only independent risk factor for the development of complications after elective AAA repair.
Many studies have previously tried to use what is primar- ily an audit tool to predict mortality and morbidity in a subset of patients different from that used to derive the original model. Of these models, POSSUM is a well-known scoring system used to predict mortality and morbidity rates in general surgery. 6 The combined preoperative physiology and operative scores were subjected to logistic regression analysis to generate a risk equation that changed the scores into a predicted percentage mortality and morbidity. The regression equation includes a constant number and weighted scores for physiology and operative risk. But, POSSUM has been criticized because it overpredicted the mortality rate of patients at low risk, 14 and many variations have since been published. A different constant and weighted value is defined to predict mortality and morbidity in the modified POSSUM. The investigation showed that P-POSSUM, which was reported by Whiteley et al in 1996, 22 accurately predicted outcome in a variety of arterial procedures across a range of hospitals and surgeons. In addition it was possible to create useful models using the physiological data alone. 25 In the present study patients were divided into low-risk and high-risk groups using a cut-off of PS of 18 for morbidity and of 22 for in-hospital mortality. The PS has limitations for clinical decision-making. Striking are the low positive predictive value and positive likelihood ratio. This means that the score is not very helpful for the individual high-risk patient ( Table 6 ).
In contrast, the PS turned out to have a good negative predictive value, and the negative likelihood ratio was also acceptable. This means that patients with a large AAA who belong to the low-risk group are not likely to die or develop a complication if open AAA repair is performed.
Several shortcomings of the present study deserve mention. First, retrospective analysis suffers from selection bias and systemic error. We attempted to minimize this by including all patients meeting the inclusion criteria during the study period. We acknowledge, however, the possibility for residual confounding from both measured and unmeasured variables. The second limitation is that the present study was relatively small and lacks the power of a prospective, randomized, multi-institutional trial. We would recommend applying the models prospectively both for our own patients and for those in other institutions.
Despite the progression of EVAR, 26 a group of patients with a higher incidence rate of major clinical complications will still need to undergo open repair due to adverse aneurysm morphology. Indeed POSSUM or modified POSSUM equation models have been developed as an audit tool to predict mortality and morbidity, but the validation in other geographical settings is still controversial. 27 In the present study, the PS alone proved to be acceptable as a tool of risk stratification of open repair, similar to that found in Western countries. Further work may be appropriate in developing a riskscoring system.
Conclusion
POSSUM methodology has been documented to have external validity. The previously derived regression equation for POSSUM has some limitations in predicting morbidity and mortality rate. The PS, however, was the only independent risk factor for morbidity and in-hospital mortality and it helped to identify the high-risk or low-risk group. The scoring system is particularly useful in identifying low-risk patients because of its negative predictive value. These patients have a good prognosis and this can be communicated to the patient. It also helps to identify high-risk patients, although some limitations remain with the individual risk assessment as a result of the low predictive value. Because the test is not useful for clinical decision-making for individual patients, we do not recommend that patients be selected for elective surgery solely on PS. The usefulness of the PS means that it might be an additional tool to help the surgeon reach a decision about patients who have a large aneurysm but who also have a complicated risk profile.
At the very least, it is necessary to carry out postoperative management very carefully for the patients with high PS. Further studies may be required to develop a risk-scoring system for Japanese patients undergoing AAA repair.
